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^--J : 1/E 



[W^^ 1 ] 

^3^^y)V>^^-m^zX 0 0 n c mJ^X±T% ^0 W^-fflm^ iiSTS-^ 8 X i 

Qi^ a t oms/cm^ (ASTO F121-1979) Jiiitr* $ i::^#iftS^^^5 X 1 0 ~ 
5X1 O^^a t oms/cm^ (ASTM F123-1981) T'* S :3 V-^/ ai-/NtfflV^. 
<i:*>700~85 0V(OU&mmz^n^^^^'''i'^0. 5-1 Or/m i ntL. 

850-1000 x:-eo. 5-5m^<Di]m^m^n-tmiW'M^i^> ii50x:m±-c 
1 ~ 2 B#F^oipMSi^?i > ^iat-ciooo-i 150 'c-c' 2-10 nm'^mm 

/c: i 'J =1 > ^ - 7*/^' ^ nik(r>j:m. *5 it t^^iiks^^^fe ^ :b tt/c t § , 

#(bix/>:->'; 3>'>a.-^^^oa#m«M^^'6. 5X10^^ atoms/cm CASTM 
F121-1979) i^X±^. 13. 5Xl0^^atoms/cm^ (ASTM F121-1979) Ji^Tf 

m*K:^-*'&^'l X 1 0^3 a t oms/cm3mT-e*;i.ii:=Sr#mi:1"'&fi^^l 

t± 2 niam<^^SiStfti^ 'J n >- i -/^<^m^t:^?*o 

[W*^ 5 ] 

<^^mt^^ tr ^ ^ ^I'S '^^^^'^'S* i t =^#mi: •T'S. ^ ^ ^ •> ^ -^^^^^^^ 
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1/ 



[0 0 0 1 1 ^j. *t 

[0 0 0 2] , ^„ 

CMO S7'n-fe>?.lCj3V^-C{i^ mBORFS^^ : Radio Frequency ) <^?il 

iSfi<j'&l6]±tii: RFWt:::S5lt^. hRF-CMOS-L S lii^Mit^ 

10 0 0 3] _ ^ „ 

;l>>oT. CMOS>^n-tr>^tcj3tj-SRFi|f1476*^$i?oTv^/c^a:;d-'b^ RF -CMOS 111 

n.-CV^)5;3&-o/Co :i<Dfzt(>. 'ijt^<7)-^m^m^<DmfiZii. G a a s ^: ^ ^^^fb-^^^^^^ 
[0 0 0 41 

i:^>ic. jSnim^^ffiSr^mi: LTV^<2>o i<7)/ii6. R F - CMO S ili^^i: LT>^ 
[0 0 0 5] 

cittti. RFI1I1^^±^ ri^iS'Ji^m^titm^j:^. i^y^v:r(D^y 9%^. 
j^mBL<r>^^^m^'t<r>mmz-X%<%m-kmsi-f::.'Li)-h. -fxj^7s(DmM\t(nh~-r^\t 

-y^x. -^^<OW^^ i iZ-r^ 'its***) * o 

[0 0 0 61 

[0 0 0 81 _ 

Oncmg«<^®«tn;'t7a.>-/N(^)^'g-. m« K:?-'-<^l&^*i-.tbL, l^S** 

[0 0 0 91 
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2/ 



7&^£»i^ S*l ^ i 'fc t> :f^ -2) o 

it. 1 0 0 n c inm±T% mm^'T-mmm mmmm) mmi)^ i o ~ 2 5 p p m 

a (7 9X1017-19. SXlO^'atoms/cm^ [Old ASTM] ) <D. ii'ir<D 
®'f&i^rBim*«K=^ 8ppma (6. 4X10X10^^atoms/cm3 [Old ASTM] 

OTa#<^D z t ^^)]^ir^(Dmmmihmm t l. ^(d±xd z 2im*=&f mtJii <om 

^mM(Dm7f)^5 fim]i>.TX^:h t-^&ii<DX^&o 



^ ^ t L-cv>;2>o 

[0 0 14] 

[#ti=:!i:mil S^<&-WISWO O 0/5 5 3 9 7-^^n°>'7V>;' h 
[0 0 1 5] 

[#W^:S:m2 1 #ii 2000-100631 -i-^zsj 

[^mi!)m^ Lx^t-t^ mm] 

[0 0 16] 

:9-tC'g:T$-^'&^><^t?*'2>>i»^ ^^!£l1I^#(^^^Iw i i9 8 p p m a J':J.T 

[00 1 7 ] 

JK<^±#i: ^ ^ t-'lS:"!^'^"'^'^ ^'^^^'^ (Mx.{f, M.Akatsuka et al., Jpn.J.Appl. 

ffi|iE# 2004-3081645 
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3/ 



Phys. ,36(1997)11422. #PI) o 

i)mk.-r^^^M^^^ iMx.i£. K.Sueoka et al.. Jpn. J.Appl.Phys. .36(1997)7095> 

10020] B^^-^,-*- 
< i:^> 1 7^^l7&^tfil^Mi:=5:t9, 4 7 ^K^;: ^>25.^o i<D J: d ^ft^r«^<^^**faiif: 

10022] ^,.>,*-. 
[0 0 2 4] 

^-e*>*C:'t}i^^tL-CV^* (|fijx.if. A.B.Bean et all.J.Phys. Chem. Solids. 1972,V 
ol.33.pp 255-268. « 1 0 O c mJ^J.T<^1g:V^«*t^<^:^^t^f±^ 

K^~<^»JtC'i:^^^:R^«mStl± 1 X 1 O^^a t omo s/cm -C^^So 

10 0 2 6] V ^ ^:6:^a.*y> 

{ii|iE# 2004-3081645 
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^-i^ : 4/ 



& o 

%^mL^m^i^^t<D'ik<oi 0 0 0- 1 i 5 Qv,(o^i^Wi^-^*-^htj:^m2mM'm.^m-t 

[0 0 2 9 ] 

^^^^hmmYi—\t. m*i^7>^^-i:4i5^^ttTV^;S.-9— v;vK:h- (OldDono 

[00301 j«,raj,jr 

. 7■V^M>^Sa^t^Ci5^t^MS^^<^m*K^-<^«a**l X 1 a t oms/cm 

[0 0 3 2] -ea^jfife:^ 

u > i^^t^aa^^^iS^-e § . ^<Diin^*#{i4 0 ot:T-mF^~4 5 or-es^w-e^^&o 
D) ;6^^^$tL-cv^^7&^ -Nx-tf. m5!!t@^<+A'^4 5 or-esB^^c^ini^^utmiiU ife^a 

a^1^D^4 0 0'CT?lB#ra<^iin»3gi:-t-*vii::d*-eiSo 
[0 0 3 4] 

■e§;&o L/c:**oX, •r^NMXiiitoMamt^m* K:^-<^i1^^fi:=l: 1X10 a t o 

aiiE# 2004-3081645 
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5/ 



[0 0 3 5 1 

b< c< d) ii^i'&o 

[0 0 3 6] _ 

1 0 0 3 7 1 ^ , 

7&*t? i ^ o 

[0 0 3 81 „ . N , 

( 1 ) CZm^'X^ ntn,m:^^ 1 0 0 n c mm±-e. 8 X 1 0 » ' a t 
oms/cm^ (A^M F121-1979) ^±1?* . $ e> t^^^ztJ^^S-' 5 X 1 0 ~ 5 X 1 0 ^ 
'atoms/cm^ (ASTM F123-1981) -e^S ~> U =3 -J^ i-/^=S:ffiV^. il'^^ < 7 0 
0~8 5 0X:<^iajKWt^i5lt'2)#iaV- b^O. 5~ l O t:/m i n i: L. 8 5 0~1 

000- cT-o. b-smii'^-bmMm^mirmi^Mmt, 1 1 5 o *cm±t? i ~ 2 nff^ 
(Dmmiimiz^\^m^. ^uvx iooo~ii5or-e2~i owm(oi]um^mim-r 

[0 0 3 9] - ^ 

(2) mifi (1) <^i«fSgLi/un>^^-yN(7)i^it;&&-ei±, %htitzi^')^>^^-'^ 

Yi--miifi\ X 1 0^3 a t oms/ cm^\>Xrxh^<Di)^mt Lv^o 

(3) mia (1) (Dnitm'y')^^^^^-'^(^^^'^^'^^^^- #ibttfcvv nv-^^^-^^ 

6. SXlO^^atoms/cm^ (ASTM F121-1979) \>X±.X^ i)-^ 1 
3. 5X10^^atoms/cm3 (ASTM F121-1979) &.TX^ >9 . T'^^M y;SS3t<75Xfl 

1- ^N=^^#«i: L-CS IMOXMSO I -^/aL-zN, J: U^M >9 -^^^^^M S O I "i^^- 
[ill9<^^^l 

[0 0 4 1] 

ttiiE# 2004-3081645 
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10 0 4 2] 

•^%w^(ow^-n'^-^^t. \ 0 0 n c m^ji-e. ^m^'^'mm^^ifi ^ x i o 

^^atoms/cm^ (ASTM F121-1979) J*il±tr*l9^ $ ^ ic^^jfe^g^-' 5 X 1 0 ^ = ~ 5 
XlO^^atomos/cm^ (ASTM F123-1981) T'^j ^ C Z i i> V ^ :/ -^n 

[0 0 4 3] ^ 

^SJIt^T&n 0 0 n c mmJii:i-'5)<^{i. ®t8ti^:**JSi < ^ "5 ^ 2 

4GHz^/;ti5. 2GHz^®x^J:^t*'3:oT<^t> \ 0 O c mJ2J.T60ffi 

[0 0 4 4] _ 

<J7 j^-/N<^:Sl»4&i^Km^ (a^m*) ^US^SXl O^^a t oms/cm' (ASTM Fl 
21-1979) jy.±i: LTV^;i>0{±. ii#(7) C Z -^-e^it ^ tt^ Effl<^'> 'J ^ :^^^H^H*sA>5i 

) C0S&^(±> ^'y ^ ^) y ^i^^'^^i'^BMD (Bulk Micro Defect) $ -lir 

[0 0 4 5] _ 

;6«^^o vl:^^=SrM^-r'^)>t4^^> 5X1 0^^-5X1 0 ^'^ a tomos/cm^ (ASTM F123 

-1981) -^^^-^So 
[0 0 4 6] 

izom^. SXlO^^atoms/'cm^ (ASTM F123-1981) 5|c«-e(i> 
, 5 X 1 0^^ a t oms/cm^ (ASTM F123-1981) mTti--5o -^«#*=Sr^<^^Hl^ 

[0 0 4 7] 

ai::6-<b'Sr;?> 2^lfe^8ta*M-rvli:*#m^ t-Cv^^o l^l^5!kSii. i>>5r < i: 7 0 0 
~S 5 OX:<DWLm^mzi$if^^i^l^~-Y^O. 5~ l Or/m i n t 8 5 0- 1 0 
OOr-^O. 5~5^F^<^»Pl^^8!kS^M1-ii:*ie:^^t LXV^^o ^ <^ISl ^^atStrii. 

[0 0 4 8] ^ 

— 3^5-^ ||2^^!0iS{is 1 1 5 0'CJ!y.±T-l ~2B#FBl(7)lra^jaL3Stc?I§^§. lOOOC 

~i 1 5 o°cki^vaLT2~i 0Btr«^(^*nMa«:ife-r^t*'^^^t L-cv^;&o 112^^ 

[0 0 4 9] _ „ , 

0 3 1± > :^mm (o 2 ^m^!!ks<^ ifli^^ajsis J: mmn =s: /^-r la -^^ 5 "9 > r (a 

) {i0im$!kS<7)M^#*x IW| (b) {i^2^M<^M^#'Sr-etL-rtL7r:L-CV>*o 
(^l»Si::ov>T) ^^.^..^^ 

^ 1 ^^aa-eti. ^^-^^jc-^Ntr 5 5 0-8 0 0 t:<^iaElEHt^li^^ tt/-^4ia.S'FP3 

t;:^x'u^wC^*> ( aXg) . ^ (0-^(0 W^Wt^\Z^^ . /J'-^<J:'J)700~85 O^C^^ia 
gM^tc*3ttS#iav- h«r 0. 5- 1 O-C/m i n (bX@) o iObXa-C<^ 

ffiiE# 2004-3081645 
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^-V : 7/ 



^ic!^ 8 5 0- 1 0 0 0 r c7)zajsigiatr 0 . 5-5 ^mom^^^^-^ ( c X®) o i 

lt^l^mx-mmm')PJ^^<^UWiM.m^ 5 S or-S O 0'C^:-r^<^{i. C(^?a^lBH:d« 

±ia b xi-eio^i^S'f'P'eS^'S^^K^I^** 700~850ic-e^^o ^ <^SKWe 

^)^©V-h^O. 5-1 O'C/mi ni:1-^<7)t±, 0. 5 1C/m i n*?«-t?{4^/h*Ttii 
^ 0 0 5 3 1 

jifBcX^-es 5 0- 1 0 0 or-eo. 5 - 5^^l<^l)nf^^s^-t-s<o{i. 8 5 ox:* 
«tfc(±o. 5^^*^oM4i!La-c't4^ta^o^«*^'i-^'^{±=^<- iooot:^®x 

(^2»St-ov>-C) 

1 5 OtimJiX'l ~2^f^Oi!i^!!ta=^«fe-t- (gX^) o vltLt^5I§^V--Cl 0 0 0- 1 1 

5 o'c<^zaatf&ffl^-l^zaL■c^ 2- 1 0B#F^<7)^5a]ia=S:M-r (hx^) o -eowiat. 
^7i-^^'^^^!!t3l:)^75*'p:^D m-t (ix^) o 

[0 0 5 41 

±lSgX5g-ci 1 5 o°cJ':i.Ji<^«iajst UTv>^.ot4. ^®ia#<^mmmK^^:^g 

m^^^i&'T-^-^^iitiiliZ. C0P^j:t'(OXm^'i^M^^^ 'i7:n-/N^mi£#0^^'ffi 

<^^o -ij. iimm.m^i s 5 ov,^nk.ht. ^:^-j^-^<d7.^) •^fff^^^^'l;^ 

1 3 5 0T:tCi-S<7))5^Mt Uv>o 

[0055] ... 
gXS-COini^P#FB^=Sr 1~2B#K^: LTV^^(^{±. l B#F^*p-e{±C O P 

±fEhx@T'Mra«^i 0 0 0-1 1 5 QX:h^^x^.-^(D\,t. 1 0 0 o'c^^-eti 

mmmm(owummm>^^'f^ 1 1 5 ox:^®x^^'^tc{4> m**fm%75^'?&ii?L'> irm 

Jmc^ hX®-T?(^MBtF^^ 2- 1 O^^t L-CV^SOJi. 2 B#F^*?p|-^t±^*^tti 
[0 0 5 81 

^2^i5!!!a-Cti ±tEiX@-r">a:-^N<^15li?fflLvajS«rm^-r^^<^-t?(i*v^:&«, 

(DumSe 0 0-8 0 ot:tci-;5>(^>&s^* Lv>o iJi D m LiajS;** 6 o o'c*^i^'&* t> 

ffiiE# 2004-3081645 
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^-'J : 8/ 



^iv^o mm'{t^w^m%^m!^-r^*'':^tLxii. y)\^-=iy (Ar) . im (H2) 

{iCltLibc7)fI'^:^;'^ (Ar+H2) . ^L<{ia^ (N2) tC/J^^St^^^ (3%02) ^r^^ 
[0 0 5 91 

hS^'flfllttc^M-e. N2l'^^l:<7)m* (3%02) =Sr'^^ L/cfl-^**^ 
[0 0 6 0] 

^2i«!4eL3afiO#ffl^{±^ g^m'fbtt#ffl^*fli^*^<^55'^^^ L<<> Ar. H2. Ar+H2 
. :fcJ:tFN2 ('^tf3%02) *'>?.*fflv^;&Ci:*^'-C^;5>o N2 (^tp3%02) :«rxti, 
m^-ISMiWcmi^^^^^ DZ^ D Z : Denuded Zone) ^m^-T ^ ^ ^'^^'^^ 

(7)Wm%tLXl±^ Wm^mW^m^^M^i^. Ar, H2, t/itiAr +H2;^^;^«r$i^^•t 
^<^;^^^'M^ Lv^o 
[0 0 6 1 1 

^—(Dm^mmw. tfzii^mir^mfi!kmp^m^^xM^Lxmm-r^<Di)^'^^^^^o <i 

[0 0 6 2] 

S7&*^:fei33:*?tLy::t ^ :c-/^|*|gB^m^-r K-:^ 1 XIO'' atoms/ 

c mHlkTX^^^ t^mt. Lv^o 
10 0 6 3] 

-^xjf. 1 0 oncm&.±<omm,iji'y:^-^^^<ommri--m^mMmtLx. 4oo 
"c-eiNFF^~4 5 ox:-c5^woM^!!!!a7&^^fe^^^^Jif'^^-^ misiM^k<Dmmvi---(^^ 

10 0 6 4] 

^^H^t^mitS^J^t'fi, #^tL;^c->'; 3>"i'J^-^^<5^^^^*M55^6. 5X10 a 
t o m s / c (ASTM F121-1979) ;0-ol3. SXlO^^atoms/'cm ( 

ASTM F121-1979) iikTX$>^. T'^^M y^m^<^Xm^iSif ^^MW-^^iS Z.fj:i^fitz t^. 
'>i-^N|*lg|5tl5l^-r^^*K'^-4**l X 1 0^2 a t oms/cm2Jil.T-e*S-:i tTi^ 

[0 0 6 5] _ 

[0 0 6 6] _ . ^ 

tiiiiE# 2004-3081645 
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^-v>': 9/ 



X 0 0 6 7 1 

;& 1 X 1 0^^ a t oms/cm3;6-^. -J a.-^N<^)^«^jftE a ^ J: O^'d =lr^«6^ i: 

^^75-'2 0 0 0 n c m-e. *B«e*&i^F^m*M 13-15X10^^ a toms/cm (A 
STM F121-1979) X'^ ^ h SXlO'^atomos/cm^ (ASTM F123-1981 

[0 0 7 01 

X -/N^Azam 7 0 0 'c-c'#s.v- h ^ 1 t:/m i n t L. 9 0 0 "c-c 1 mmoMmMm 
s^i-, 10 0 o\:iwi^iau-c 1 o^KoJBi'tiiaiS'^ML/co 

[0 0 7 11 

#?J^^/^«:7i-y^^zN2 (-g-tf3%02) :*'^=^fflv^-C. 4 5 OX:t?5B#F^<^m*K^- 
[0 0 7 21 = , ^ 

[0 0 7 31 
[*ll 



^31 /N<Z> 



4 5 CCX 5Hr 

1x10" 

a t o m s / c m' 



6. 5x10^^ 
a t o m s / c m' 



7^>— T^yv 
4 0 CCX 1 H r 

1X10^' 
a t o m s / c 



13. 5X10*' 
a t o m s / c m* 



[0 0 7 41 

X 1 0^^ a t o m s / c mnjL±-C% >6-oi3. 5X10 ^'atoms/cm mT-J** 

i->'N|*IfBH|§^i-.g>®?* 1 XlO^^atom s y c i>J.T^M^'t ^ ^ t 

mSE# 2004-3081645 



D^m 2003-360251 ^--J : 10/ 

[0 0 7 51 
10 0 7 6] 

[0 0 7 71 

2b ^ o 

(1) ■9--/'i'i-''^co^# 

a . SXlO^^atomos/cm^ (ASTM F123-1981) 

b . 6 0 0 a c m (Sit®£N o . 1 ~ 4 ) ^ 

^m^^^f^'Ik^M^ 1 S . 5 X 1 0^^ a t oms/cmMK^No. 1-4) 
c . Sfit^ 3 0 0 0 n c m (l^imN o . 5 ~ 6 ) > 

^J}M^^fM^^& 1 5X1 O^'^a t oms/cm^ (Mii^N o . 5 ~ 6 ) 

d. -ir Jt-/^^c^J^x^^. e 5 o'cx i h ^-eK•:^-^9-it^a^^Mo 

(2) ^i»a<^^# 

a. N2 (-^tf3%02) ?5r;^#H^^rfflv^, ^XiaE 7 0 0 rX'^il^- h 1 t:/m i 

n. 

b. 900t:xihr (D^i^m^M (^!^N o . 1 ^ 3 , 5 ) 

c. 950X:xihr (OmU^tSkm. (K^N o . 2 . 4 ^ 6 ) 

(3) m2m^m<om^ 

a. A r ?!f7.#H^=^Mv^ o^-^Nj^AiaK 7 0 0 t: 

b. 1200'Cxlhr ^O^S.^^^0;^il 

c. P$za=f^. 1 0 0 0 1C X 2 h r <0#ja^5!!kS (ft^N o . 1. 2) 
d . WU^. 1000t:x4hr (OmTSim^W (fit^N o . 3 . 4 ) 

e. mM/lk. 1 0 0 0 x 6 h r co^SMa (f^i^N o . 5, 6) 

5X10^^-12. 0X1 0^"^ a t omsycm^(Dmmx-mM'C-^^^t^^^'i)^^o 
t\zi.y). jLif j^-^N^Sa^t-r^C: iiTii^-Cii^o c:<^<J:^tc, :*:^§g<^)iait 

:&?*-em7t $ ftfz-mim.^y i; n >- ^ 4c If ^ ^> ^ =1: ?f^^ t T ^ t> ^ ^ 

[0 0 7 81 ^ 

® ^ <^ tr ^ ^ V 4: fi^ffi 1" ^ ^ i: 56*"^ ^ -2> o 
[0 0 7 91 

3f:^BJ-e{i> #ibtLf>:^Sl«tn;->U =i>"?i-^^=grS:^^i: L.TS IMOXMSO I 
i:^W&mt LTS IMOXMSO I ^-^N^rSliit-r* C i: I- J: <9 . Mx.^^^ 

miE# 2004-3081645 
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M 



^-v^ : 11/ 



Mox'i7x-^N<^iii^ici3v^-cii> mmmxm^t Lx-bmn.&i 80kev~2ook 

[0 0 8 2] , p.., yvx,^ 

[0 0 8 31 

'^jt^ftMJ'i^i-^^i: b'^ffl^^^J'^^^^fi- #tc|Jl^-r;i).j2i>||{±^v>o :i:#fi<jif^{i. 

0 0-1 2 0 CCT-Jn^^as^^tf^tfiv^o $p>iiStL<{i. 9 0 ox:<D^mxmmm 

[0 0 8 5] 

(HM^II 1 ) . «.n4* -r 

:$:^H^(^^^^5tM^*^::«6, C Z^T'W^L, U^m^i^2 0 0 0 n c mX. 
^«MJS5&^ l3~15X10^'atomsXcm3 (ASTM F121-1979) "C. $ h i^^m 
v«;g*^5 X 1 0^' a t omo s/cm^ (ASTM F123-1981) <^ 8 pll>^7j^-^M-I 

ii'^L^^V'^^ai-^^t-, ^l»ai:LTN2 (^tf3%02) *'X#H^=^fflv^. 

^_^^^;^^^^7 0 or-e^iav- it:/m i ntL, 9 0 o'ct?mF4<^»iata 

[0 0 8 7] 

1 8 0'C<??7K«^-i5'^a!iSm> J!Ii^V-^*'>^i:L-ChUi^nav7:^«rfflv^^_lbl 1 3 
[0 0 8 8] ^ 

%02) #a^if t?4 0 ot:x i^Rg(^^i!!ks=irfi^of^m^ ^ji-/Ni*iSBi-i&^-r^i^^ 

aiiE# 2004-3081645 
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^-v? : 12/ 



(^i&fll 2 ) 

mmm 1 1 mm\^. m^mn)^ 2 o o o n c m-c. ^m^m^^^^-^'' ^, <? ~ ^ ^ 

0 17 a t o m s / c (ASTM F121-1979) ^ h KRmmm^^ 5 X 1 0 a t ojn o 
s/cm^ (as™ F123-1981) <DS^y^. pM-»?-7''i7^-^^=^^^l-^ ^hiz. R 

[0 0 8 9] 
[0 0 9 01 

#fbtLyiS IMOXMS 0 I T'/NM;^$^3t<^«^^i3;S^^4^i: ur. N2 
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